Malnutrition of children is a serious problem to the public health, most especially in developing countries. Based on Rwanda Demographic and Health Survey Data, the joint model of a multivariate generalized linear mixed model is used to simultaneously identify the determinants of malnutrition of children under five years of age in Rwanda using height-for-age, weight-forage and weight-for-height. Each anthropometric index has been categorized as malnourished (Z-score value <-2.0) and nourished (Z-score value≥ −2.0). The study found that the age of the child, gender of the child, birth weights, mother's knowledge of nutrition, birth order, incidence of recent fever, multiple births, education level of the mother, age of the mother at childbirth, body mass index, prevalence of anemia, province, source of drinking water and wealth quintiles are the key determinants of malnutrition of children under five years of age in Rwanda. A positive correlation between stunting and underweight and wasting and underweight was found. Therefore this study suggests that when eradicating malnutrition of children under five years of age, all three types of malnutrition should be corrected. It also suggests strengthening the policy on educating people in planning the number of children born to them .
Introduction
Child malnutrition is a serious public health problem which is prevalent mostly in developing countries. Malnutrition has significant health effects on childhood and adulthood development (Takele, 2013; Tathiah et al.,2013; Walker et al., 2007) .
According to some estimates, malnutrition of children is implicated in over 50% of deaths in developing countries (Kandala et al., 2001; UNICeF, 1998) . Malnutrition of the children can lead to impairment and affects the cognitive capacity in the long run reduces labour productivity in adulthood (Unicef, 1997) . The majority of this work is drawn from the research found in Habyarimana (2016) .
Literature Review
Children are more susceptible to malnutrition deficiencies than adults (Kandala et al.,2011; Tharakan and Suchindran, 1999) . Malnutrition of children is defined as a clinical sign of nutrient deficiency which manifests as stunting, underweight and wasting. These manifestations can be determined based on clinical signs, biochemical or anthropometric indicators (Group, 1986; Onis, 2000; Zere and McIntyre, 2003) . However, anthropometric indicators are frequently used due to being cost effective and relatively easily available (Folasade, 2000) . Biochemical and clinical signs are useful in cases of extreme malnutrition (Onis, 2000; Zere and McIntyre, 2003) .
Frequently used anthropometric indicators to measure malnutrition of children under five years of age (WHO, 1995) are: stunting or insufficient height-for-age representing chronic malnutrition; wasting or insufficient weight-forheight, representing the inadequate food nutrition intake in the period immediately prior to the survey or a recent affliction of illness resulting in weight-loss and the onset of malnutrition; and underweight or insufficient weight-for-age. This means that a child may be underweight if he/she is either wasted or stunted, or both. Stunting in the community has been associated with poor socio-economic conditions Skoufias (1998) .
If the measurements of anthropometric indicators are consistently taken over a defined period, they can offer indicative information on the change in population health status and provide a timely warning associated with the food supply of a particular region. But if the aim of the study is to get a quick snapshot of a community in order to investigate the magnitude of the problem, the measurements of wasting would offer substantial information. But, if the aim is to get information for determining on what types of programs are required in the target region, the study can include all three indices of anthropometric measurements (Setboonsarng, 2005) . These three anthropometric indicators are measured based on Z-scores values for stunting, wasting and underweight and are determined by the following formula:
where i AI is the child ( individual) anthropometric indicator, and are the median and standard deviation of the reference population (child) respectively. Note that the higher the values of the Z-score for any of anthropometric variables, the better the nutrition status of the child and the lower the values of the Z-score the greater the level of malnutrition of the child. One of the targets adopted by the international community at the millennium summit as a part of its Millennium Development Goals is to reduce malnutrition by half (AbouZahr and Wardlaw, 2001; Wagstaff, 2004) .
In developing countries in general and in Rwanda in particular, malnutrition poses a serious threat to the health system. The prevalence of stunting among children under age five is approximately 44%, while 11% are underweight and 3% are wasted (NISR et al., 2012) . However, the Rwandan government actively engages in solution generation for this problem (NISR et al., 2012) .
In literature, many authors proposed various statistical models, in the study of determinants of child under five years of age (Bassolé, 2007; Das and Rahman, 2011; Habyarimana et al., 2014; Islam et al., 2013; Kandala et al., 2011; Khatab, 2010; Matanda et al., 2014; Tharakan and Suchindran, 1999) . In all these studies the indicators of underweight, stunting or wasting were considered separately. But, a child may be well nourished or stunted, or underweight, or wasted, or wasted and underweight at the same time, or underweight and stunted at the same time). A separate model cannot identify the possible association between these three outcomes. Therefore, the main objective of current study is to utilize a joint model for a multivariate generalized linear mixed model to simultaneously identify the key determinants of stunting, wasting and underweight and to find out the possible correlation among them. The joint modelling has a substantial advantages compared to separate modelling. These include better control of the Type I error rates, possible gains in efficiency in the parameter estimates and the capacity for answering the multivariate question (Gueorguieva, 2001; Verbeke, 2005) . There is no study in the literature using a joint model for multivariate generalized linear mixed model in order to simultaneously find the key determinants of underweight, stunting and wasting of children under age five in Rwanda. The variables of interest considered in the current study are described in the next subsection (source of data).
Data and Methods

The data
The current study used the data from Rwanda Demographic Health Survey (RDHS, 2010) for analysis. The sampling in this survey used a two-stage stratified method; where in the first stage 492 villages, known also as primary sampling units were selected based on the probability proportional to the village size. The survey considered 2009 and 10531 urban and rural households respectively. In the second stage, systematic sampling technique was utilized. The survey constitutes the collection of data from female aged 15-49 years and 4,356 children under five years of age, on height in centimeters, weight in kilograms and age in months, birth weights, incidence of anemia, gender of the child, multiple births, province, mothers' body mass index, wealth quintiles, birth order, education of the parents, nutritional knowledge, residence, types of housing and toilet, incidence of illness for instance cold, cough, diarrhea, and others in the two weeks preceding the survey, marital status, and caretaker of the child, incidence of breastfeeding, and feeding index. These are considered in general as explanatory variables on malnutrition. The current study considered child's characteristic variables, mother's characteristic variables and household's characteristic variables. But for the sake of brevity, the results only report significant predictor variables. The RDHS (2010) data provides the information on weight-for-age, height-for-age and weight-for-height. In this study, the child's nutrition status has been classified into nourished (Z-score value≥ -2.0) and malnourished (Z-score value <-2.0), which resulted in a binary response variable.
Model overview
There are many studies in literature using joint modeling (Guo and Carlin, 2004; Tsiatis and Davidian, 2004; Verbeke, 2005; Verbeke et al., 2014) , some of them used two response variables (one continuous and the other, binary) and others used a higher dimension joint model but in the current study three binary response variables are considered.
Consider the response vector for ℎ subject as = ( ′ 1 , ′ 2 , ′ 3 )′, where ′ 1 = ( 11 , 12 , … , 1 1 ) , ′ 2 = ( 21 , , … , 2 1 ) and ′ 3 = ( 31 , 32 , … , 3 1 ) and these are repeated measurements of the first, second and third response variables. It is assumed that 1 , = 1,2, … , 1 is conditional independent given 1 with the density function 1 (. ) in the exponential family, 2 , = 1,2, … , 2 , are conditional independent given 2 with the density function 2 (. ) in the exponential family and 3 , = 1,2, … , 3 , are conditional independent given 3 with the density function 3 (. ) in the exponential family. 1 , 2 and 3 are also conditionally independent given = ( ′ 1 , ′ 2 , ′ 3 )′ and the response on different subjects are independent.
The . The mixed model specification is assumed to be
where 1 , 2 and 3 are ( 1 × 1), ( 2 × 1) and ( 3 × 1) dimensional unknown parameter vectors, 1 , 2 and 3 are ( 1 × 1 ), ( 2 × 2 ), and ( 3 × 3 ) dimensional matrices for the fixed effects, 1 , 2 and 3 are ( 1 × 1 ), ( 2 × 2 ), and ( 3 × 3 ) dimensional design matrices for the random effects (5) where ∑, ∑ 11 , ∑ 22 and ∑ 33 are unknown positive definite matrices. If ∑ 12 =∑ 13 = ∑ 23 = 0 then the model (5) reduces to three separate generalized linear mixed models.
Parameter estimation
There exist various procedures for estimating the parameters in joint modeling. These include for instance numerical approximation such as Gaussian quadrature or Laplace approximation or approximation of the data by the pseudo-likelihood. The pseudo-likelihood approach is used when estimating the parameter in marginal model and random effect without or with correlation, while quadrature or Laplace approximations is only used when estimating the parameters in conditional independent random effect model. SAS procedure PROC GLIMMIX (SAS 9.3) can be utilized when estimating parameters in the case of pseudo-likelihood approaches whilst the NLMIXED procedure can be used when estimating parameter using Laplace approximation or Gaussian quadrature. In the current study PROC GLIMMIX (SAS 9.3) is used. Table 1 shows the observed number and percentage of explanatory variables used in the analysis. The child age was categorized in three groups as follows: infant (0-11 months), 12 to 22 months and 23 to 59 months. From Table  1 , we observe that 19.0% of all observed children was infant, 19.2% of all observed children was aged between 12 and 22 months; whereas children aged from 23 to 59 months were 61.8% of all observed children. The birth order was classified as follows: First, second and third, fourth and fifth and finally a sixth or later born. It was observed from the Table1 that 25.0%, 34.2%, 21.6% and 19.2% were respectively first, second and third, fourth and fifth and finally sixth or later born. The survey considered almost the equal number of female and male children, where 49.1% were female and 50.9% male. It can be observed from the same table that most of sampled children have the birth weight ≥ 2500g (95.8%). Most of children observed were born singleton (97.0%). The incident of fever was also considered. It is observed from the table that 15.2% of all children observed had fever before two weeks prior to the survey.
Results and interpretation
It is observed from Table 1 that 95.5% of all mothers observed in Rwanda give birth at age ≥ 21. From the same table, it is observed that most mothers had primary education (71.7%), 18.9% had no education and 9.4% had at least higher education level. The anemic mothers were 38.3%, whereas no anemic were 61.7% of all observed mothers. 4.5% of all observed mothers had body mass index < 18.5 and 95.5% had BMI ≥ 18.5. The mother's knowledge on nutrition also was considered and it was observed that 64.0% of all observed mothers had knowledge on nutrition.
Most of households modally observed use water from protected spring or well (38.5%) and only 4.1% use water piped into dwelling. We also note that 39.8% of all observed households were poor, 40.2% were in middle income and 20.0% were rich. The study also considered the province of residence of the family of the child. It was observed from Table 1 that 24.7%, 15.3%, 24.1%, 24.9% and 11.0% of all observed children are respectively from Eastern, Northern, Western, Southern province and Kigali (capital city).
In Table 3 it is noted that the variable found to be at least significant at one of the three anthropometric indicators is thus considered as a determinant of malnutrition and is made mentioned of in our interpretation. From Table  4 a strong positive correlation is seen between the variables: underweight and wasting and then the pair, underweight and stunting. This does not come as surprise since it is an established scientific fact that underweight is known to be the composite index between stunting and wasting. This finding within the ambit of the current scientific setting is uniform with the findings of other researchers as well (Blössner et al., 2006; Nguefack-Tsague and Dapi, 2011; Nguefack-Tsague et al., 2013) .
Stunting:
The following variables viz. child's age, birth order, mother's age at childbirth, mother's education, gender of the child, birth weight, province, mother's knowledge of nutrition and wealth index are the determinants of stunting (low height-for-age). The summary of the results is reported in Table 3 . The research reveals that the age of the child significantly affects height-for-age.
It is observed from the results that at age 12 to 23 months the prevalence of stunting is higher (OR= 3.428, p-value <.0001) compared to infant (0-11 moths). It is also noted that the birth order significantly affects the height-forage of the child. The finding show that the sixth born children and consequently those children born thereafter are more likely to be stunted (OR=1.652, p-value=0.0002) compared to first born children.
The variable of mother's age at childbirth significantly affects the height-for-age of the child (Table 3) . A child born to mother aged younger than 21 years old is 1.737 (pvalue=0.0096) times more likely to be in stunting status compared to a child born to mother older than 21 years of age. This might possible hint at maternal, emotional and educational maturity of the mother in being able to provide sustenance for the child.
The role of education cannot be overemphasized as a determinant that can alleviate malnutrition. The findings highlighted in that a mother's level of education also significantly influences the height-for-age of the child. The results reveal that the z-score of height-for-age increases with increasing education levels of the mother (Table 3) . Consequently it is submitted that stunting and the mother's level of education are inversely proportional to each other. Furthermore, a child born to a mother with a primary or a secondary or higher education level is 0.0518 (p-value <.0001) or 0.0406 (p-value <.0001) times less likely to be underweight than a child born to a mother with no education, respectively. The gender of the child significantly affects his/her height-for-age (Table 3 ). The risk of having a low height-forage z-score score is 0.639 (p-value <.0001) times lower among female children than male children.
The results show that the child birth weight also significantly influences stunting. A child born with low weight (< 2500g) has 78.6% odds of being stunted (OR= 1.786, p-value =0.0115) compared to a child born with a higher weight.
Province of birth is a significant indicator of the height-for-age of the child (Table 3 ). The risk of having a lower height-for-age z-score of children born in Western province is 54.4% (OR=1.544, p-value=0.0409) compared to children born Eastern province. Similarly, a child born in Southern province has 40.3% odds of having lower height-for-age z-score (OR=1.403, p-value=0.023) compared to a child born in Eastern province.
We find that the mother's knowledge of nutrition is also a significant predictor for the height-for-age of the child (Table 3) . The odds of a child born to a mother without knowledge of nutrition is 1.296 (p-value=0.0047) times more likely to be stunted than that of a child born to a mother with some knowledge of nutrition.
Finally it is noted that the wealth index significantly affects the height-for-age of the child (Table 3) , since the trend that as stunting increases the wealth index decreases. This is evidence of an inverse relationship. Further it is evident that a child born into a poor family is 1.543 (p-value=0.0079) times more likely to be stunted than a child born into a rich family.
Wasting:
The salient results of the current research reveal that a child's age, birth order, the birth weight of the child, wealth index, body mass index of the mother, recent incidence of fever, and source of drinking water all significantly influence the height-for-weight of the child (Table 3) .
Age is a significant predictor of the heightfor-weight of the child (Table 3) . A child aged between 12 to 23 months has 59.4% odds of having wasting (OR=0.406, p-value=0.0028) compared to an infant (aged 0 to 11 months). A similar trend is seen in that a child aged between 23 and 59 months has 82.6% odds of being wasted (OR= 1.826, p-value=0.0442) compared to an infant. Therefore, it is noted from these results that prevalence of wasting increases with increasing age of the child (12 to 59 months).
The birth order is a significant predictor of child's height-for-weight (Table 3) . It is noted that the prevalence of wasting is higher among sixth (or later) born children (OR=2.651, pvalue=0.0311) compared to first born children.
Furthermore, birth weight is also a significant factor for the height-for-weight of the child (Table 3) . The odds of a child born with lower weight (< 2500g) is 4.05 (pvalue=0.0018) times more likely to be wasted than a child born with a higher weight (≥2500g). Hence the birth weight of the child is of tantamount consequence in affecting the wasting of a child.
The wealth index is also a significant predictor of the height-for-weight of the child (Table 3) . It is noted that the prevalence of wasting is higher among children born into a poor family (OR= 3.680, compared to children born into a rich family.
The body mass index of the mother also significantly affects wasting (Table 3) . We find that a child born to an underweight mother (BMI < 18.5) is 3.222 (p-value=0.0052) times more likely to be wasted than a child born to a normal or obese mother (BMI≥ 18.5). Thus the relationship between the weight of the mother and nutrition status of the child is highlighted.
Fever is also a significant predictor of child's height-for-weight (Table 3) . It is noted from the results that wasting is higher among children reported to have had a fever in the two weeks prior to the survey (OR=1.763, pvalue=0.0427) compared to children who did not have a fever during the two weeks preceding the survey.
The source of drinking water significantly influences the nutritional status of the child (weight-for-height) (Table 3) . A child born into a family where water piped is delivered into their dwelling or yard has 87.0% lower odds of having wasting (OR=0.130, p-value=0.0045) compared to a child born into a family where water comes from other sources (not piped in dwelling/yard, public tap and protected spring or well). Similarly, a child born into a family where they use water from a public tap has 74.1% lower odds of having wasting (OR=0.259, p-value=0.0007) than the child from a family where they use water from other sources (not piped in dwelling/yard, not from protected spring or well). The issue of access to water is emphasized in that, water that is not piped in dwelling/ yard, water that is not from public tape or which is not from a protected spring or well may be associated with childhood diseases such diarrhea among others. Potable water is very important in order to fight wasting and other related consequences.
Underweight:
The results pertaining to the condition of underweight show that the child's age, birth order, education level of the mother, gender of the child, birth weight of the child, mother's knowledge of nutrition, multiple births, anemia and BMI of the mother are the key determinants of malnutrition of the child (Table 3 ). These variables are consistent with those of stunting and wasting as discussed in previous sections. Underweight is significantly lower among children aged 23 months or more (OR=0.798, p-value=0.0411) than infant Table 3 .
The birth order also significantly influences the weight-for-age of the child such that underweight increases with increasing the birth order (Table 3 ). It is evident that a second or third born child is 1.296(p-value=0.0473) times more at risk of being underweight than first born. Similarly, underweight is higher among fourth or fifth born child (OR=1.346, pvalue=0.0341) compared to a first born. Furthermore, a sixth or later born child has 34.6% higher odds of having underweight (OR=2.948, p-value<.0001) compared to first born.
The educational level of the mother once again significantly affects the weight-for-age of the child. The inverse relationship is seen in that the extent to which a child is underweight decreases with an increase in the mother's level of education (Table 3 ). Furthermore, a child born to a mother with primary, secondary or higher education level is 0.097 (p-value <.0001) or 0.058 (p-value <.0001) less likely to have an underweight status than a child born to a mother with no education, respectively.
The gender of the child is a significant predictor of the weight-for-age of the child (Table 3) . It is observed from the results that the prevalence of underweight is lower in female children (OR=0.617, p-value <.0001) compared to male children.
The issue of birth weight is also highlighted because birth weight significantly influences the weight-for-age of the child, as well (Table  3) . It is evident that a child born with low birth weight (less than 2500g) has 16% higher odds of having underweight (OR= 3.16, p-value <.0001) than a child born with a higher weight.
The results show that the mother's knowledge of nutrition significantly influences the weight-for-age of the child (Table 3) . The odds are interpreted as follows: a child born to a mother without knowledge of nutrition is 1.416 (p-value=0.0015) times more likely to be underweight than a child born to a mother with some knowledge of nutrition.
Multiple births are a significant predictor of the weight-for-age of the child (Table 3) , where the extent of underweight increases with increasing the incident of multiple birth. A directly proportional relationship is thus noted. Furthermore, it is observed from the results that underweight is higher among children born as the first multiple (OR=3.842, pvalue=0.0002) than singleton children.
The incidence of anemia also significantly affects the weight-for-age of the child. It is evident from the results that a children born to a non-anemic mother are 0.691 less likely to be underweight compared to children born to an anemic mother (p-value=0.0002). As stated earlier, the BMI of the mother significantly influences the weight-for-age of the child (Table 3) . It was noted from the results that underweight is more frequent in children born to underweight mother (OR=3.096, pvalue<.0001) compared to children born to a normal weight, overweight or obese mother (BMI≥ 18.5 ).
Fever also significantly influences children's weight-for-age (Table 3) . It is seen that underweight is higher among children who had a fever in the two weeks preceding the survey are (OR= 1.667, p-value <.0001) compared to children who did not have a fever during the same time frame. 
Discussion
The joint model is advantageous in that the three response variables (underweight, stunting and wasting) is used simultaneously combined with the fact that as the correlation between underweight and wasting and between underweight and stunting is significant. However, if the correlation was not significant, it would have sufficed to use a GLMM. In previous sections the specific advantages of the joint model was given and is not repeated here but is noted. This study measured the simultaneous determinants of wasting, underweight and stunting, this alludes the fact that increasing height-for-age and height-for-weight increases the weight-for-height. The finding that decreasing height-for-age and height-for-weight also decreases the weight-for-age, which is in line with Nguefack-Tsague and Dapi (2011) . In other words, reducing stunting has a positive effect of reducing underweight. In other words, reducing stunting has a positive effect of reducing underweight.
Conclusion
The current study made use of a joint multivariate generalized linear mixed model to identify simultaneously the key determinants of malnutrition of the child under age five in Rwanda using underweight, wasting and stunting. The most salient findings within the ambit of the study revealed that that the age of the child, gender of the child, birth weight, birth order, incidence of fever, mother's education level, mother's age at childbirth, BMI of the mother, incidence of anemia, knowledge of nutrition by mother, province, source of drinking water, occurrence of multiple births and wealth index of the household are the key determinants of malnutrition of children under five years in Rwanda.
This research also revealed that stunting and underweight are lower in female children than male children. This result is consistent with the findings of other studies (Habyarimana et al., 2014; Kandala et al., 2011) . It also evident that the nutrition status of the mother influences the nutrition status of the child, where an underweight mother is more likely to deliver a wasted or underweight child, a finding which is in line with Das and Rahman (2011) . The mother's knowledge of nutrition is a fundamentally important factor in relation to the nutrition of the child. It is essential to indicate that variables such as birth weight of the child and birth order significantly affect all three anthropometric indices. It was also evident that malnutrition decreases with an increase in the mother's level of education, especially in the case of stunting and underweight. These results are consistent with those of other studies (Das & Rahman, 2011; Habyarimana et al., 2014; Kandala et al., 2011) .
Recommendation
Improving the access to potable water may help to reduce wasting and sensitizing the population to the importance of nutrition may reduce stunting and underweight.
Improving the education level of the women will lead to enhance in maternal health outcomes, consequently improve the health of their children.
Women aged less than 21 years old should be sensitized that early child bearing is associated with childhood stunting.
A good child care and health literacy of the women will substantially reduce not only stunting but also underweight and wasting of the child.
The sensitizing and education should be in the form workshops, pamphlets, mobile clinics disseminating appropriate information on malnutrition and visits by malnutrition experts and health workers.
Strengthening the policy on educating people in planning the number of children born to them may improve the children nutrition status. For future research it is important to highlight that DHS data is cross-sectional, it would be better to carry out a longitudinal study and use a joint model that could include spatial variability.
